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Chapter 1

White Paper

1.1 Introduction

TMIL (pronounced TEE-mil), short for Text Manipulation Imaging Language, is a revolutionary
high level programming language that allows users to manipulate text programatically on an image
and even draw on it. Users of the language can generate small programs that can do sophisticated
text manipulations on images, without having to resort to complicated graphics libraries or painting
programs such as Adobe Photoshop. Text manipulation has a wide range of applications, specifically
geared towards web development. Some interesting scenarios include:

• Allowing a user of a Content Management System to display text to website users in fonts
that users don’t have on their computer

• Allowing a web site template designer to create template that are easily adaptable

• Allowing users to interactively label specific regions of an image.

• Generating CAPTCHAs, an image based challenge-response tests used on many web site
registration forms.

• Manipulating text on multiple images to create an animation.

There are image processing libraries available that can manipulate text and draw on images, but
they are very difficult and cumbersome to use. TMIL was designed from the ground up to have a
clean and simple syntax so that users can do repetitive and complicated imaging tasks quickly and
efficiently.
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1.2 Motivation and Features

Our primary motivation for creating TMIL is to create a specific purpose language that is easy
enough to enable developers of all backgrounds to use, while remaining powerful enough to draw
exactly what the programmer wants. The Java Paint2D and the GD2 library for C++ are both
powerful, but require a lot of effort for even the simplest projects. Other command based image
editing application such as ImageMagick require fine tinkering of command line arguments in un-
understandable order. While the simple MSPaint and expansive Adobe Photoshop offer similar text
on image capabilities, they require user interaction. The TMIL Language offers the developer a way
to automatic adding text or drawing to images in a construct that feels natural.

The specificity of the language also brings with it security. Administrators can give free com-
pilation and execution rights for TMIL code and applications knowing the user is limited in his
power. The user is constraint to editing images and has no access to other parts of the system
through TMIL code.

TMIL uses standard and recognizable constructs such as if statements and while loops. The
language also supports native objects such as integers and strings as well as standard functions that
are normally available for such objects. The simple tools give a programmer a lot of manipulation
ability.

TMIL code flow is intuitive, allowing developers to lay down text in the code the same way
they would think about doing it interactively. The user sets the properties of the text – such as
font, font-size, color etc – he/she wishes to set on the image, and stamps it on. The location of
the text and even whether or not to rotate the text are all properties of the text object and can be
changed anytime until the text is stamped. This allows the programmer to do what he/she feels
most natural. Drawing is also easy yet effective, since the user can specify the extremes of the line,
its thickness and color.

TMIL is flexible. The user can create one text object and stamp it onto many images, or
stamp many text objects sequentially onto a single image. Obviously, he/she can do a combination
of both. The user can also easily create any composition of lines he/she wishes.

1.3 Example of Syntax

The simple code example described here loads an image and writes text on it at different positions,
with different colors, rotations and fonts. It uses all the built-in types offered by the language,
together with some specific functions.

2



int i = 0;

image im;

open("namefileIn.png"); // loads image

text t;

t.name = "dog"; // assigns value "dog" to property string of t

t.font = "Arial.ttf"; // assigns arial font to t

t.size = 60; // assigns a size to t

coordinate coor[3];

color c;

c.r = 255;

c.g = c.b = i; // sets both the g and b values of c to zero

for (i=0; i<=2; i++) {

c.r = c.r - i*20; // assigns values to the r, g, and b properties of c

c.g = c.b + i*60;

c.b = c.g + i*60;

t.color = c; // assigns value c to the color property of t

coor[i].x = i*150; // assigns the x and y values of coor

coor[i].y = 200;

t.rotation = i*50; // changes the rotation of t

t.position = coor[i]; // assigns a value to the position of t

if(i==1)

t.font = "Times.ttf";

im <∼ t; // stamps t to the image im
}

// draws a line on im, from position coor[0] to position coor[1],

// with color c and 5 pixels thick

drawline(im, coor[0], coor[1], c, 5);

save(im, "namefileOut.png"); // saves the result

3



Input and output of this sample code are presented in Figure 1.1 (a) and (b).

(a) (b)

Figure 1.1: (a) Input and (b) output of the sample code presented.
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Chapter 2

Language Tutorial

2.1 Introduction

TMIL is a programming language intended to write and manipulate text on images, with an addi-
tional functionality for drawing on images as well. Syntax and coding style are similar to C/C++
and Java, so that the language is immediate and familiar to the user. TMIL offers some built-in
types each of which has properties, just like classes in C++ or Java. Those intuitive properties
provide the user a straightforward way to manipulate the features of the text he/she wants to print.
Every TMIL program must include a main function (only one function named ’main’ is allowed),
which must return an int and must either take no parameters or an array of strings.

2.2 ”Hello World”

/* TMIL allows the same commenting style as C++ */

int main(){ // TMIL requires a main function

/**************** Regular types ******************/

int i = 0; // We initialize the regular types

bool b = true; // These are basically imported from C++

float f;
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char char = ’d’;

string name = "namefileIn.png";

/**************** Built-in types ******************/

color c; // 1) color: definition

c.r = 255; // sets the values of the color properties:

c.g = c.b = i; // r , g and b values. Multiple assignments are handled

coordinate coor[3]; // 2) coordinate: definition (an (x,y) position in an image)

image im1,im2; // 4) image: definition it has 2 properties:

i = im.h; // height(h) and width(w), which are read only

text t; // 5) text: definition;

t.name = "Hello World"; // assigns value "dog" to property string of t

t.font = "Arial.ttf"; // assigns arial font to t

t.size = 60; // assigns a size to t

/**************** Built-in functions 1 ******************/

open(im1,name); // loads image from file: .png and .jpg are supported

/************* control flow (for, if, ifelse, while) **********/

for (i=0; i<=2; i++) {

c.r = c.r - i*20; // assigns values to the r, g, and b properties of c

c.g = c.b + i*60; // each property of the built-in types is accessed

c.b = c.g + i*60; // through the ’.’ operator

t.color = c; // assigns value c to the color property of t

coor[i].x = i*150; // assigns the x and y values of coor

coor[j].y = 200;

t.rotation = i*50; // changes the rotation of t
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t.position = coor; // assigns a value to the position of t

if(i==1)

t.font = "Times.ttf"; // sets the font of t: the font path must be specified

im <∼ t; // the stamp operator prints t to the image im

}

/**************** Built-in functions 2 ******************/

// draws a line on im, from position coor[0] to position coor[1],

// with color c and 5 pixels thick

drawline(im, coor[0], coor[1], c, 5);

save(im, "namefileOut.png"); // saves the result into a file: png and jpg are supported

return 0;

}

2.3 A more elaborate example

The following code shows that the user can define his own functions and use them, for example, to
create a sequence of frames that, when assembled together, can create a text animation.

void circular_draw(image im, text w) { // user defined function

text w1 = w;

string name;

for(int j = 0; j<15; j++) {

name = "./turtle/turtle" + int2string(j+1) + ".jpg"; // built-in function int2string

w1.colour.b -= 30;

w1.colour.g -= 10;

w1.rotation = - j*(360/15);

im <∼ w1;

7



save(im,name);

}

}

int main() {

image im;

open(im, "turtle.jpg");

text w1;

w1.name = "turtle";

w1.font = "GOTHIC.ttf";

w1.rotation = 0;

w1.size = 80;

w1.position.x = im.w/2;

w1.position.y = im.h/2;

w1.colour.r = w1.colour.g = w1.colour.b = 255;

circular_draw(im,w1);

return 0;

}

Figure 2.1 (a), (b), (c) and (d) shows some of the frames generated by the above program.
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(a) (b)

(c) (d)

Figure 2.1: Simple text animation frames generated by TMIL code

2.4 CATPCHA

CAPTCHA are Remote Turing Tests with which we are challenged every day when we want to
register to a website. The following example shows how a user can easily implement a CAPTCHA
in TMIL, obtaining for example the same test provided by slashdot.com (Figure 2.2).

void zigzag2(image im, color c, int interval){

coordinate p1,p2;

int i;
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p1.x = p2.y = 1;

p1.y = interval;

p2.x = im.W -1 ;

for(i=0;i<im.h/interval;i++){

if(i%2>0)

p2.y = p1.y + interval;

else

p1.y = p2.y + interval;

drawline(im,p1,p2,c,3);

}

p1.x = 10;

p1.y = im.w - 1;

p2.x = p1.x + interval;

p2.y = 1;

for(i=0;i<im.W/interval;i++){

if(i%2>0)

p1.x = p2.x + interval;

else

p2.x = p1.x + interval;

drawline(im,p1,p2,c,3);

}

}

int main() {

color white, black;

white.r = white.g = white.b = 255;

black.r = black.r = black.r = 0;

coordinate p1;

p1.x = 20;

p1.y = 130;

image slashdot;

create(slashdot,300,700,white);

text w1;

w1.font = "CURLZ___.ttf";
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w1.colour = black;

w1.name = "yqrmxas";

w1.position = p1;

w1.size = 160;

w1.rotation = -12;

slashdot <∼ w1;

zigzag2(slashdot, black, 60);

save(slashdot, "test3.png");

return 0;

}

(a) (b)

Figure 2.2: (a) slashdot.com original CAPTCHA and (b) TMIL originated CAPTCHA
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Chapter 3

Language Reference Manual

3.1 Introduction

TMIL (pronounced TEE-mil), short for Text Manipulation Imaging Language, is a revolutionary
high level programming language that allows users to manipulate text programatically on an image.
There are image processing libraries available that can manipulate text, but they are very difficult
and cumbersome to use. TMIL was designed from the ground up to have a clean and simple syntax
so that users can do repetitive and complicated imaging tasks quickly and efficiently.

3.2 Lexical Conventions

3.2.1 Identifiers

An identifier consists of a sequence of upper or lowercase alphabetical characters, numerical digits,
and the underscore character. The first character must be an alphabetical character. Identifiers are
case sensitive.

3.2.2 Comments

TMIL employs both C and C++ style comments. Multiline comments start with the characters
"/*" and terminate with the characters "*/". Single line comments can start and end with the
above character sequence or start with the characters "//" and end at the end of the line.
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3.2.3 Reserved Keywords

The following identifiers are reserved keywords in the TMIL language.

bool do if true

break else image while

char elseif int

color false return

continue float string

coordinate for text

3.2.4 Types

The following basic and derived types are supported by the TMIL language.

Type Description

bool A basic type that can only have two values, true or false.

char A basic type of items chosen from the ASCII set

float
A basic type that contains an IEEE 32 bit single precision floating point number,
with a range of 1.1 x 10e-38 to 3.4 x 10e38.

int
A basic type that contains a 32 bit signed integer, with a range of -2147483648
to 2147483647.

string
A basic type that contains an arbitrary sequence of characters, surrounded by
quotation marks.

color
A built-in type that contains three integer values, each value representing a red, green,
and blue value.

coordinate
A built-in type that contains two integer values, to indicate the x and y position of a
point in an image

image A built-in type that allocates enough memory to store an image, with certain properties

text A built-in type that contains a string of text with certain properties

13



Built-in Types

Color

Color is a type consisting of three integers, one for each chromatic component of a pixel: red,
green and blue. When a color object is created, its properties are all initialized to the value zero.

color {

int r;

int g;

int b;

}

Coordinate

Coordinate describes the position of a point in the image by its x and y coordinates. When a
coordinate object is created, its properties are all initialized to the value zero.

coordinate {

int x;

int y;

}

Image

Image is a type built-in to store an image file. It has two properties: integers h and w repre-
senting the height and width of the image itself. When an image object is created, its properties are
initialized to the values corresponding to the characteristics of the image loaded or created. Image
properties are read only for the user, apart from when he creates an image.

image {

int h;

int w;

}

Text
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Text is the most complex built-in type, comprehensive of many properties. It contains a string
of characters, and allows the user to set its following properties: size, font, position, color, rotation
and name. When a text object is created, its integer properties and subproperties (colour, position,
rotation, size) are all initialized to an empty string which yelds the value zero, the font property is
initialized to the default font of the system, while name is initialized as an empty string.

text {

string name;

string font;

color colour;

coordinate position;

int rotation;

int size;

}

3.2.5 Constants

Four types of constants are allowed in the TMIL language. Integer and floating point constants are
represented in decimal format (base 10).

Integer Constants

An integer constant consists of a sequence of 1 or more numerical digits.

Floating Point Constants

A floating point constant follows closely with the C convention. It has a fractional or an exponential
part and can be expressed in decimal or signed exponent notation. A decimal point without a
preceding digit is not allowed.

Char Constants

An char constant consists of a sequence of 1 or more characters.

String Constants

A string constant consists of a sequence of zero or more characters that are surrounded by quotation
marks. It cannot include newlines in it. A character escape sequence (\") is required to enclose
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quotation marks within strings. Tabs can be inserted using \t, and newlines with \n. "\\" must
be used to insert backslash.

3.2.6 Special Characters

Some characters have special significance in the TMIL language:

Special Character Use Example

[ ] Array delimiter char arr[20];

{} Function body, or compound
statement delimiter

x = 5; x++ ;

( )
Function parameter list delimiter; also used
in expression grouping

func();

, Argument list separator func2(x, y);

= Declaration initialize x = 5;

; Statement end x++;

" " String literal char str[] = "Hello World";

. Property access t.colour.g;

3.3 Conversions

The following conversion are valid between types.

3.3.1 Float to integer

When a floating value is converted to an integral value, the rounded value is preserved as long as it
does not overflow.
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3.3.2 Integer to float

When an integral value is converted to a floating value, the value is preserved.

3.3.3 Char and integer

A char object may be used anywhere an integral value could be. The char value is converted to an
int by propagating its sign through the upper 8 bits of the resulting integer.

3.3.4 Bool to integer or char

A bool value may be converted to an integral of value 0 in the case of false, 1 in the case of true.

3.3.5 Char to string

A char object may be converted to a string of length 1 character, the one expressed by the char
value.

3.4 Expressions and Operators

Expressions consist of identifiers and operators. The table below lists the precedence and associa-
tivity of all operators in TMIL. Described from highest precedence to lowest.
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Token Operators Associativity

Identifiers, constants, string literal,
parenthesized expression

Primary expression

() [] . Function calls, subscripting, property L/R

++ - Increment, decrement L/R

! Logical NOT L/R

+ - Sign operator L/R

* / % Multiply, divide, modulus after division L/R

+ - Plus, minus L/R

== != Equality comparisons L/R

> >= < <= Relational comparisons L/R

&& Logical AND L/R

|| Logical OR L/R

= Assignment R

, Comma L/R

<∼ stamp R
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3.4.1 Primary expressions

Basic primary expressions

Identifiers :

An identifier is a reference to an object or function. A description of identifiers can be found in
Chapter 2.
Constants :

A constant’s type is determined by its form and value. Constant expression’s type is identical after
the operations are performed. A description of constant can be found in Chapter 2.
String literals :

A string literal is a characters array.

string literals: ’"’ (.)* ’"’ ;

Parenthesized expression:

A parenthesized expression’s type is the same as what is parenthesized.

parenthesized expression: ’(’expression’)’ ;

Subscripts

The element of an array can be accessed by having an index number within square brackets after
the array’s object identifier. The return value is the same as the type of the array. For example,
array[i] returns the ith element of the array array.

array element: ival ’[’index number’]’ ;

index number: digit(digit)* ;

Property Operator

An object primary expression followed by a period and the name of a type property can access this
property. The return type is the same as the member accessed.

type number: ival’.’(id|ival) ;
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Function calls

A declared function followed by a pair of parenthesizes with possible variables in between is a func-
tion call. The return value is the declared function return type.

function call: id’(’parameters’)’;

parameters: expression(’,’ expression)*

| E ;

3.4.2 Unary operators

Increment and decrement

An object primitive expression followed by double plus signs or double minus signs is increment or
decrement. The expression’s type can only be int or float. The return type is int.

increment: ival ’++’ ;

decrement: ival ’-’ ;

Logical NOT

The logical NOT operator followed by a expression returns the opposite of the expression. The
return type is boolean. If the expression’s type is int or float, it will return true if the expression’s
value is zero and return false if the value is not zero. The expression cannot return any type other
than int, float or boolean.

logical not: ’!’ expression ;

Sign operator

A plus or minus sign followed by a primitive expression returns 0 plus or minus the expression. The
expression’s type can only be int or float. The return type is the same as the expression’s type.

sign operator: ’+ | -’ expression ;
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3.4.3 Arithmetic operators

Multiply and divide

A primitive expression followed by a multiple sign or a divide sign, followed by a primitive ex-
pression returns the product or quotient of the two expressions. The expressions’ type can only be
int or float. The return type is int if both expressions’ type are int, otherwise, the return type is float.

multiply/divide: expression ’* | /’ expression ;

Modulus after division

A primitive expression followed by a modulus sign, followed by a primitive expression returns the
modulus after the division. The return type is int. If the expression’s type is float, it will be trun-
cated before the operation is applied.

modulus after division: expression ’%’ expression ;

Plus and minus

A primitive expression followed by a plus sign or a minus sign, followed by a primitive expression
returns the sum or difference of the two expressions. The expressions’ type can be int, float or
string. The return type is int if both expressions’ type is int. The return type is double if the
expressions’ type are int and float respectively or both float. The return type is string when both
expressions’ type are string and the operator is plus. In such situation, the returned value is the
concatenated string of the first string and the second string. The expressions’ type can only be one
of the situations listed above.

add minus: expression ’+ | -’ expression ;

3.4.4 Relational operators

Equal

A primitive expression followed by double equal signs, followed by a primitive expression returns
true when the two expressions are the same. Otherwise, it returns false. The return type is boolean.
If the type of the expressions are int and/or float, the operator will compare the two expressions’

21



value. If both expressions are string, it will return true when two strings are the same, otherwise it
will return false. The expressions’ type can also both be boolean. The expressions’ type can only
be one of the situations listed above.

equal comparison: expression ’==’ expression ;

Not equal

A primitive expression followed by a not equal sign, followed by a primitive expression returns true
when the two expressions are different. Otherwise, it returns false. The return type is boolean.
If the type of the expressions are int and/or float, the operator will compare the two expressions’
value. If both expressions are string, it will return true when two strings are different, otherwise it
will return false. The expressions’ type can also both be boolean. The expressions’ type can only
be one of the situations listed above.

Not equal comparison: expression ’!=’ expression ;

Relational comparisons

Greater than

A primitive expression followed by a greater than sign, followed by a primitive expression returns
true when first expression is greater than the second expression. Otherwise, it returns false. The
return type is boolean. The expression’s type can only be int or float.

greater than: expression ’>’ expression ;

Not greater than

A primitive expression followed by a not greater than sign, followed by a primitive expression re-
turns true when first expression is not greater than the second expression. Otherwise, it returns
false. The return type is boolean. The expression’s type can only be int or float.

not greater than: expression ’<=’ expression ;

Less than

A primitive expression followed by a less than sign, followed by a primitive expression returns true
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when first expression is less than the second expression. Otherwise, it returns false. The return
type is boolean. The expression’s type can only be int or float.

less than: expression ’<’ expression ;

Not less than

A primitive expression followed by a not less than sign, followed by a primitive expression returns
true when first expression is not less than the second expression. Otherwise, it returns false. The
return type is boolean. The expression’s type can only be int or float.

not less than: expression ’>=’ expression ;

3.4.5 Logical operators

Logical AND

A primitive expression followed by a logical AND sign, followed by a primitive expression returns
true when both expressions are true. Otherwise, it returns false. The return type is boolean. The
expressions’ type can only be boolean, int or float. If the expression’s type is not boolean, the
expression is true when the value is not zero. Otherwise it is false.

logical AND: expression ’&&’ expression ;

Logical OR

A primitive expression followed by a logical OR sign, followed by a primitive expression returns true
when at least one of the expressions is true. Otherwise, it returns false. The return type is boolean.
The expressions’ type can only be boolean, int or float. If the expression’s type is not boolean, the
expression is true when the value is not zero. Otherwise it is false.

logical OR: expression ’||’ expression ;

3.4.6 Assignment Operator

An object primitive expression followed by an assignment sign, followed by a primitive expression
will assign the second expression’s value to the first expression. If the ival’s type is boolean and
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the expression’s type are int and/or float, ival is false when expression’s value is zero, otherwise it’s
true. If the ival’s type is int and expression’s type is float, ival will be assigned the value of the
expression after truncated. If the ival’s type is int or float and the expression’s type is boolean, ival
will be 1 if the expression is true, otherwise it’s false. If the ival is string then the expression must
be string, too. The ival and expression’s type can only be one of the situations listed above.

assignment: ival ’=’ expression ;

3.4.7 Comma

Comma is used to separate expressions.

comma: expression (’,’ expression )+ ;

3.4.8 Stamp Operator

An image type expression followed by a stamp symbol, followed by a text type expression will print
the string of the text expression on the image file of the image expression, with all the characteristics
specified by the text object attributes.

stamp: imageexpression <∼ textexpression

3.5 Declarations

A declaration specifies the interpretation of identifier(s) or function(s). Variables, arrays and func-
tions must be declared before being referred or called.

3.5.1 Variable declaration

One of more variables can be declared in each declaration. Only the same type of variables can be
declared in each declaration. The value of the identifier can be assigned to the identifier when being
declared. The type of the ival and the expression must be the same.

variable declaration:
type ival(’=’expression)? (’,’ ival(’=’expression)?)*;
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3.5.2 Array declaration

One of more arrays can be declared in each declaration. Only the same type of arrays can be
declared in each declaration. A arraylist can be assigned to the identifier when being declared. The
type of the arraylist and the ival must be the same. If the size of the arraylist is smaller than the
size of the array, the elements with smaller index number will be assigned first. If the arraylist’s
size is bigger than the size of the array, the exceeded elements in the arraylist will be ignored.

variable declaration:
type ival ’[’ size ’]’ ( ’=’ arraylist)?

(’,’ ival ’[’ size ’]’ ( ’=’ arraylist)?)*;

3.5.3 Function declaration

Function declaration: type id ’(’ parameters ’)’ ;

parameters: type (’,’type)*

| E ;

3.6 Statements

In TMIL, statements are usually executed in sequence. There are a few exceptions, specified in the
following paragraph.

3.6.1 Expression Statement

Expression statements are the most common statements in the TMIL language. Usually they are
assignments or function calls, and take the form of

expression ;

3.6.2 Compound Statements

Compound Statements consist of several statements enclosed in braces, which are considered as a
single statement:
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{(statement; )∗}

3.6.3 Conditional Statement

There are two forms of the conditional statement:

if ( expression ) statement1

if ( expression ) statement1 else statement2

In both cases expression is evaluated. If it is non-zero, statement1 is executed; in the second
case, if expression is zero, then statement2 is executed. Else ambiguity is resolved by connecting
the else with the nearest elseless if.

3.6.4 While Statement

The while statement takes the form of

while ( expression ) statement

Expression is evaluated before the execution of statement. If it is non-zero, statement is executed.
The process is iterated until expression evaluates to zero.

3.6.5 For Statement

The for statement takes the form

for ( expression1 ; expression2 ; expression3 ) statement

This statement is equivalent to

expression1 ;
while ( expression2 ) {

statement

expression3 ;
}
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3.6.6 Return statement

Functions return to their caller via the return statement, which takes the form

return (expression)? ;

Either no value (null) or the value of expression is returned to the caller of the function, assuming
the function is declared to return a value of matching type. If a function is not declared to return
a matching type of expression, and expression is returned, an error occurs. Similarly, it is an error
for a function declared to return null to include expression in the return statement.

3.7 Scope Rules

The scope rules in TMIL are very similar to those in C or C++. TMIL adopts static scoping.
A variable or function is unavailable (out of scope) until it declared. Functions cannot be nested
and therefore cannot be overridden after they are declared. They are declared in the global scope
and available until the program completes execution. A variable is available until the end of the
block defined by {}), in which it was declared, is reached. In the case of variable declared in the
global scope, the variable only goes out of scope on program termination. Nested blocks can access
variables defined in parent blocks. If a new variable is declared in a nested block with the same
name as a variable from a parent block, said variable was overridden. The nested block will then
only have access to the new variable from point of declaration. When the block is closed, the original
variable will return to scope.

3.8 Built-in Functions

The TMIL language includes some built-in functions which are available to the user.

3.8.1 Open

This function allows the user to load an image file.

open(image Im, string filename) ;
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3.8.2 Create

Create allows the user to create a new image, without having to rely on preexisting files, by provid-
ing the size and the background color. The syntax is the following.

create(image Im, int sizex, int sizey, color backgroundcolor) ;

3.8.3 Save

This function allows the user to save an image after the processing has been performed.

save(image Im, string filename) ;

3.8.4 Drawline

Drawline draws a line from point a point p1 to a point p2, with the properties specified by the user.

drawline(image Im, coordinate p1, coordinate p2, color col, int width) ;

3.8.5 int2string

Converts an integer to a string.

string s = int2string(int x ) ;

3.8.6 float2string

Converts a float to a string.

string s = float2string(float x ) ;

3.8.7 string2int

Converts string to an integer.

int x = string2int(string s ) ;
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3.8.8 string2float

Converts string to an integer, with a minimum and maximum number of digits after the decimal
point.

float x = string2float(string s ,int minNum, int maxNum) ;

3.8.9 char at

Returns the char located at a particular position in a string.

char c = char_at(string s ,int position) ;

3.9 Example

Here is a sample program:

void doSomthing(string s1, string s2) {

image im;

open(im,s1);

color col;

col.r = col.g = col.b = 150;

text t;

t.name = s2;

t.colour = col;

t.colour.g = 100;
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t.position.x = 50;

im <∼ t;

}

void main(){

doSomthing("myImage.jpg","haha!");

}

This program would print haha! on the image myImage.jpg at y=0, x=150 in the color specified
in the function.
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Chapter 4

Project Plan

4.1 Project Progress Control

4.1.1 Group Discussion and Planning

TMIL group adopted several critical guidelines to ensure that the milestones and deadlines are
achieved on time. The most important one is frequent regular meeting. Group members have a
group programming meeting takes place every weekend. Everybody reports to the group on what
major changes were made to the project regarding his responsible part. And collects feedback from
other members. The group programming meeting has been proved very effective since it’s the time
when group members exchange ideas on things that can not accomplished individually, such as
modification of interface and interaction between lexer/parser group and AST group.
The group member communicates via email and phone as well. Team leader sends out ”TMIL
Progress Record” every week to ensure that everybody is on the same page and doesn’t fall behind.
Email communication also helps organizing small group meeting. When a team member has free
time and want to work in group, he will send an email and other members will respond right away.
The smooth communication between group members ensures that we were able to keep to our
schedule quite well. Our group was able to figure out which part of the project needed more
attention and which part was ahead of schedule. And we can make quick adjustments according to
the plan. Project timeline is in sections 4.5.

4.1.2 Development

The development procedure was split into four stages.
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Learning Stage: The first stage was from the beginning of the semester till the release of the
proposal. Each member learns knowledge of SVN and ANTLR. This stage could be integrated into
development stage but it was proved to be a wise decision since everybody became quite familiar
with the tools used in the project before even started coding. Thus fewer mistakes were made when
we were in the actual development stage. The idea of TMIL was also created during this stage. But
it has been modified along the development when we see problems or new features.

Planning Stage: The second stage was from the proposal till the release of the Language Reference
Manual. Although Prof. Edwards said that leader should be a dictator, the planning of TMIL was
not done by team leader only but by the whole team. Team members give ideas on implementation,
details of functionalities and dispatch of the work. Everybody takes one section of the LRM so
that he is more familiar with this part. Then we exchanged the writing to other members for error
checking. It also helped each member has a clue of the picture of the whole project. After the LRM
is finished, everybody is familiar with the whole project and specialized in several aspects of the
project.

Development Stage: The third stage is the most important one. It’s from LRM to the final exam.
The major aspects of the project include lexar, parser, AST, code generation, testing, libraries and
documentation. We first divided the team into two groups so that everybody is not working inde-
pendently. And after the libraries were finished, three members shifted to one group and the other
member keeps working on testing and documentation.

Assembling Stage: The last stage is from the final exam till the submission day. All group
members meet more frequently to put the code together. Intensive testing was done in this stage.
Demo codes and documentations were also finished.

4.1.3 Testing

We utilized an automated tool to perform testing. Test cases for TMIL and CPP were provided
by group members to do varies test. The testing focused on for major sections such as syntax,
semantics, code generation and compiled code. Chapter 6 is devoted to testing.
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4.2 Roles and Responsibilities

Person Responsibilities

Eli Hamburger Lexer/Parser, AST, Testing Program, Documentation

Michele Merler
C++ Library design and implementation
TMIL Testing, CPP Testing, Demo code, Documentation

Jimmy Wei Lexer/Parser, AST, TMIL Testing, Documentation

Lin Yang AST, C++ Library implementation, TMIL Testing, Documentation

4.3 Programming Style

Consistent and standard coding style ensures better understandability amongst the team. It also
produces high quality code of the project.

4.3.1 ANTLR Code

When there are ”or” lines, they will be listed vertically align one tab to the rule name. When
hierarchy exists, it will be tabbed so that it shows obvious distinguish between hierarchies.

type: "int"

| "float"

| "char"

4.3.2 JAVA Code

For this project, we chose to align the starting curly brace at the end of the declaration of the
function, and the end brace on the left side of the last line of the block. Each hierarchy is one tab
right to the upper level hierarchy.

public static void leaveScope() {

currentScope = currentScope.getParent();

}
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4.4 Project Development Environment

TMIL is a cross platform language. The TMIL project was developed on Linux(ubuntu), Windows
(Windows XP, Windows Vista) and Mac OSX. Thanks to the multi-platform attribute of java,
TMIL can be used on any platform that can run java files. TMIL requires GD library installed in
the system. Which is also a cross platform library. The GD library we used is version 2.0.35. The
C++ compiler we used is g++, version 4.0.1. The grammar, lexer, parser and tree walker were
implemented via ANTLR, which was recommended by Prof. Edwards. ANTLR greatly helps the
team in building compiler related code. The version of ANTLR is ANTLR 3, but we are using
ANTLR 2 grammar in TMIL project. The team project system we used is SVN. The version of
SVN is Subversion 1.4.5. The other modules in the project for compiler related code is generated
via java. The version of java is 1.5.0 13-119. The IDE we used is Eclipse, version 3.3.1.1.

4.5 Project Timeline

As mentioned above, TMIL development is divided into four stages. The whole development starts
from the beginning of the semester till the submission of the project.

September 6th: Project team formation
September 14th: Team meet. Agreed on TMIL as the project
September 20th: White paper completion
September 25th: White paper due
September 27th: Discussion and finalizing functionality
October 1st: Discussion and finalizing grammar
October 8th: LRM division
October 14th: SVN set up. LRM completion
October 18th: LRM due. Role/Responsibility division. Start architectural design
November 3rd: Finish lexer, start parser implementation. Finish C++ class library
November 10th: Finish parser. Testing lexer/parser. Finish architectural design
November 17th: Finish lexer/parser testing. Start AST implementation
December 1st: Finish AST. Finish C++ library. Final report division
December 6th: Final exam
December 10th: Group testing parser/lexer, AST. Example and demo code generation
December 16st: Finish final report. Project finished

34



December 17th: Finish presentation slide. Meet for presentation
December 18th: Final presentation
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Chapter 5

Architectural Design

5.1 Architectural Overview

The TMIL compiler consists of three main components: the TMIL lexer, the TMIL parser, and
the TMIL tree walker. Valid TMIL code is used as input to the compiler and as output, valid
C++ code is generated. This code can then be compiled on any C++ compiler, provided that the
FreeType and GD libraries and the TMIL.h source file are provided. An overview of the TMIL
compiler architecture is shown in Figure 5.1.

5.2 The TMIL Lexer

The main responsibility of the TMIL lexer is to break the source code file into a series of tokens
that can be understood by the TMIL parser. During this stage, we check to see if the source code
file can match a series of lexer rules defined by the TMIL grammar. Rules that define identifiers,
numbers, comments, and strings are examples of lexer rules.

5.3 The TMIL Parser

Once the tokens have been generated, it is the role of the TMIL parser to ensure that syntax is
correct. The TMIL grammar defines language constructs such as rules for expressions, if statements,
and for loops. As tokens are read in, the parser tries to match the current token to a grammar
rule. It is also at this time that an abstract syntax tree (AST) representation of the source code is
created.
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The interface between the lexer and the parser is simple. The parser can only understand tokens
that are defined by the lexer so grammar rules that are created in the parser must be based off of
tokens defined in the lexer.

Our parser creates a very detailed tree with many branches. We found a complex tree easier to deal
with when doing semantic analysis and code generation.

5.4 The TMIL Tree Walker

The tree walker traverses the AST created by the parser and checks the semantics of the source
code. A tree parsing grammar is specified so that the tree walker knows how to interpret and walk
the AST. As the tree walker traverses each node, embedded Java code may be called to check for
semantic errors. It is also at this point that the C++ code is generated.
The walker naturally contains many similar rules to the parser. However, since the tree is already
constructed with node labeled, the possible routes that we need to code are straightforward. It is
safe to say that at this stage, the only tasks remaining is the static semantic analysis and the code
generation.
To keep the interface between the parser and the walker simple, the rules for the walker are similar
to the rules in the parser. This is because we want the tree walker to walk the AST precisely as to
how the AST was generated.
We chose this particular route because it makes reading the code easier. Also, if we had to make a
fix to the grammar for the parser, then the corresponding change in the tree walker is trivial.
During each stage of the compiling process, if an error is detected, the compiler immediately termi-
nates with an appropriate error message

5.5 Symbol Table

The walker uses a static class named Env - short for environment - to handle the static semantic
analysis. It encapsulates all symbol table related functionality, such as enter/leave scope and get/put
variable/function. It also contains functions to check if type can be coerced/promoted into other
types and when operations are allowed between types. The walker calls Env’s functions as needed
throughout the walker grammar file. Built in functions are defined in a Env as well.
The symbol table is a simply linked list of hashmaps. Each node in the table contains a link to the
parent node (null if topmost node) and a map that maps identifier and function names to their cor-
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responding types. Since a function and variable cannot share the same name, we use the same table
to store information about both. He handle types in a very object oriented manner. Below is a brief
description of some of the types and some of the more interesting details about each. Minor note:
the map actually maps name -> list of Type objects. For a variables, the list may only contain one
element. However, a function can be overloaded and therefor the list may contain multiple elements.

Type: This is the root in the class tree, it contains no information but allows both functions and
variables to be stored in the same map.
Children: TypeFunction, TypeVariable

TypeVariable: Parent class for all variables including arrays and class like variables. Contains
purely virtual function ’matches’ which checks a given TypeVariable instance matches the calling
instance’s class type. Additionally, each TypeVariable child contains a getCppCode() function that
returns the name of the type used in c++. This allows for easy conversions. For example, in TMIL,
we have ’text’ objects. In c++, ’text’ objects and really instances of the ’word’ class.
Children: TypeInt, TypeBool, TypeChar, TypeString, TypeArray, TypeClass

TypeInt/Bool/String/Char: There is one class per native type.
Children: None

TypeClass: Abstract type for other type that contain properties. Properties are represented as
TypeProperties.
Children: TypeArray (for length property), TypeImage, TypeCoordinate, TypeColor, TypeText

TypeProperty: This does not extend TypeVariable as it fails the ’isa’ test. A type property con-
tains three pieces of information: a TypeVariable for the parameters type, a boolean representing
whether a the parameter is optional and a cppName for c++ code generation. The last is needed
is things like ’array.length’ which is translated into ’array.size()’.
Children: None

TypeArray: This represents a single level in an array. The TypeArray instance will contain an
internal TypeVariable represent ion that type of array it is. For example, the an int[] would be a
TypeArray with an internal type on TypeInt. Since the internal type is a TypeVariable, TypeAr-
ray’s can be nested allowing for multi-level arrays (I.e. int[][]). The array’s matches() function is
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overloaded to ensure that two type arrays only match if their internal TypeVariables match. This
class also contains special functions to aid in the conversion between [] definition and initialization
for arrays in tmil and the templated stl vector notations in c++.
Children: None

TypeImage/Text/Coordinate/Color: Represents the types for images, texts, coordinate and
colors (respectively).
Children: None

TypeFunction: Functions contain a TypeVariable return type and an ordered list of TypeParam-
eters. TypeParameters may be optional and coded logic ensures that optional parameters are not
followed by required parameters. The ’addParameter’ function is used to add a parameter to a type
function when declaring the function. Since multiple functions can share the same name, this class
contains functionality to ensure a possible new version of a function isn’t too similar such that it
would cause ambiguity when it come time to choose a version of said function when a function call
is made. It also contain functionality to check if the given TypeFunction is compatible with a list
of given parameter TypeVariable’s from a function call.
Children: None

Final Notes: The structure were chosen to make the symbol related code in the walker as simple
and understandable as possible. The structure also naturally allow for expansion in the future,
whether a future implementation contains more built in classes/functions or if full functioned user
created classes are allowed.

5.6 Code generation

Code is generated within the walker. A StringBuilder Java object, serving as a buffer containing
the output code, is available to all functions in the class. Most of tree walker functions therefore
write code directly to the buffer as they are called. Since we are parsing the tree depth first and
since the tree retains a lot of the structure of the original c++ like TMIL code, writing directly in
a single pass is very natural. However, certain functions/branches, such as all expressions, return
their c++ code to the function caller (parent node) as to allow the caller to put the code in the
perfect place without constant and confusing jumping between ANTLR and Java code. Most of the
code generated is very similar to the c++ like TMIL code passed into the compiler. There are a
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few differences. The code generator, aided by the Type objects, will convert properties and types
from their TMIL version to their c++ version as described above. Also, we have decided represent
all arrays in TMIL as stl vectors in c++. Using vectors offers several advantages over arrays. The
biggest advantage is that it allows programmer to create arrays whose size is unknown at compile
time (i.e. ’int a[n+3];’). They allows us to compute the length of an array easily, allows for arrays
to be passed by value, and overloads the ’=’ operator to copy the array instead of just copying the
pointer to the array. The tricky part for the conversion was generating initialization code for the
vectors to size each dimension appropriately. The TypeArray class reduced the work significantly
and it ends up being a few lines in Java resulting in a single lines initialization in c++. The final
code is then placed in between header and footer code generated by the Env class. The header
code simply includes the TMIL c++ library. The footer code contains the c++ ’main’ function. As
mentioned in the LRM, the function named ’main’ declared in a TMIL program can have a String[]
parameter defined, which is a vector<String> in the c++ code. Therefore, the code generator
inserts the code for the c++ main function that converts the (int argc, char* argv[]) parameters
into a (vector<string>) and then called the main function declared by the TMIL code. To avoid
naming clashes between the c++ code for the ’main’ function created by the user and the ’main’
appended in the footer, the user’s ’main’ is written as ’ main’. Since IDENTIFIER’s cannot start
with a ’ ’ there is no chance of a conflict with another function.

5.7 TMIL.h

TMIL.h is C++ file which constitutes the library used to interface the output TMIL code with GD
and FreeType. It contains 4 classes: color, coordinate, word (the equivalent of the TMIL text) and
image. It also provides methods to access every variable member of each class and modify them.
Furthermore, it provides code for the built-in functions: drawline, save, create, open, int2string,
float2string, string2int, string2float and char at.
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Chapter 6

Test Plan

6.1 Overview

During the implementation of TMIL, the designers of the language wanted to make sure that pro-
gramming bugs created during the software development process were caught as early as possible.
Thus after each major milestone, we came up with various test cases to ensure that our code was
robust and bug free.
To facilitate this process, we focused our efforts on partitioning the test cases into four main cate-
gories:

• Lexer Tests

• Parser Tests

• Walker/Semantic Analysis Tests

• Final Programs (more complex and actually do something)

We placed a particular emphasis on testing all aspects of the TMIL Language Reference Manual.
For each category, we came up with test cases that were valid and invalid. Tests that were valid
ended with a ”.good” extension and test cases that were invalid ended with a ”.bad” extension.

Each test was placed in their own individual folder named after their test name. The golden output
had a ”.correct” extension. A bad test would not generate any output.
Three representative test cases are attached at the end of this section. For a specific list of cases
that we tested, see the ”Coverage” section.
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6.1.1 Test example 1

file array_acces2.bad

// array access problem : non integer index

int main()

{

float e[10];

coordinate p1;

p1.x = p1.y = 2;

e[p1] = 2.5;

return 0;

}

6.1.2 Test example 2

file fun_error1.bad

// function error 1 : missing return type

foo(int x){return x};

int main() {

int a, b, c;

a = foo(3);

return 0;

}

6.1.3 Test example 3

file control_flow.good

// test control flow
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int foo(int x) {

return x - 1;

}

int main(){

bool aBool ;

char aChar;

color aColor ;

float aFloat, bFloat ;

coordinate aCoor, bCoor;

string aString, bString;

text aText;

image aImage;

int aInt, bInt, cInt;

text arr[3];

aInt = 2;

// nested if

if(aInt) {

aBool = 0;

}

else {

if(aInt>3){

continue;

}

}

// while and call to function

while(aInt>0){

aInt = foo(aint);

if(aInt==1){

break;

}
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}

// for

for(int x=3;x<5;x++){

aInt++;

}

for(int y=3;y!=5;y=y+2) {

aInt++;

}

return 0;

}

6.2 Automation

To ensure that the designers of the language would test their code changes before making a check
in, we placed a particular emphasis on automation and ease of use. Eli created a Java program that
would automatically launch a regression when running his program.
Four applications were created for automated testing (listed below). They each take a directory as
the first parameter. See the list below for information about other parameters The programs will
run the test on every file in the directory. Since some of the file are supposed to ensure the failure
(ie. make sure the Lexer does not allow a poorly formatted string) we have used the following
convention for denoting when a failed or pass is expected: Files that should pass contain ”.good”
in their filenames, which files that should fail contain ”.bad” in the file name. Files is a directory
without a ”.good” or ”.bad” are skipped. The programs print reports to std out that can easily be
parsed by a script should that be needed.

Programs:

• LexerTester - for testing only the lext

• ParserTester - for testing the parser

• TMILTester - for static sematic analysis and code generation testing. Takes a boolean as
second parameter to denote verbose mode, which displays detailed errors messages
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• GccTester - for testing generated c++ against g++ to ensure they build. Takes a string as
second parameter which is the suffix the g++ command to allow users to set library paths.

An example output of the program would look like this:

27 entries found. testing...
1: Testing ’array access1.bad.txt’. Expected: fail Actual: fail Test: OK
2: Testing ’control flow3.bad.txt’. Expected: fail Actual: PASS Test: BAD
3: Testing ’control flow.good.txt’. Expected: pass Actual: pass Test: OK
4: Testing ’fun error2.bad.txt’. Expected: fail Actual: fail Test: OK
5: Testing ’nested expressions.good.txt’. Expected: pass Actual: pass Test: OK
6: Testing ’declarations1.bad.txt’. Expected: fail Actual: fail Test: OK
7: Testing ’array access2.bad.txt’. Expected: fail Actual: PASS Test: BAD
8: Testing ’control flow1.bad.txt’. Expected: fail Actual: PASS Test: BAD
9: Testing ’fun error1.bad.txt’. Expected: fail Actual: fail Test: OK
10: Testing ’mismatch parenthesis 3.bad.txt’. Expected: fail Actual: fail Test: OK
11: Testing ’mismatch parenthesis 2.bad.txt’. Expected: fail Actual: fail Test: OK
12: Testing ’declarations.good.txt’. Expected: pass Actual: pass Test: OK
13: Testing ’mismatch parenthesis 1.bad.txt’. Expected: fail Actual: fail Test: OK
14: Testing ’global variables.good.txt’. Expected: pass Actual: pass Test: OK
15: Testing ’declarations plus assignments.good.txt’. Expected: pass Actual: pass Test: OK
16: Testing ’fun declaration plus overloading.good.txt’. Expected: pass Actual: pass Test: OK
17: Testing ’missing element 2.bad.txt’. Expected: fail Actual: PASS Test: BAD
18: Testing ’declarations3.bad.txt’. Expected: fail Actual: fail Test: OK
19: Testing ’array access3.bad.txt’. Expected: fail Actual: fail Test: OK
20: Testing ’declarations2.bad.txt’. Expected: fail Actual: PASS Test: BAD
21: Testing ’array access.good.txt’. Expected: pass Actual: pass Test: OK
22: Testing ’fun error3.bad.txt’. Expected: fail Actual: fail Test: OK
23: Testing ’operators 2.good.txt’. Expected: pass Actual: pass Test: OK
24: Testing ’control flow2.bad.txt’. Expected: fail Actual: fail Test: OK
25: Testing ’missing element 1.bad.txt’. Expected: fail Actual: fail Test: OK
26: Testing ’operators 1.good.txt’. Expected: pass Actual: pass Test: OK
Summary: 26 tests total 21 passed 5 failed
Done testing.
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As you can see above, two tests failed in this regression. The designer can then be able to look at the
parser1.bad and parser2.bad source code and see a description of the test to get an understanding
of why the test failed.
Although this does not prevent a negligent designer from checking in bad code (obviously he can
bypass this mechanism without running the regression program), this process did not cause any
major problems with the team and when designers did check in bad code, only a handful of tests
failed and the code was quickly fixed or the tests updated.

6.3 Coverage

We placed an emphasis on the following scenarios:
Lexer:

• Identifiers

– Valid and invalid identifier names

• Strings

– Valid and invalid strings, escaped strings

• Floating point numbers

– Valid and invalid floating point numbers

• Comments

– C/C++ style and invalid comments

Parser:

• Declarations

– Variables

∗ With and without arrays

∗ With and without assignment

– Functions
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∗ With and without parameters

∗ With and without return types

– Global

• Statements

– Conditional

∗ Syntax of if and else, with optional else

– Control

∗ Syntax of for and while loops

– Expressions

∗ Arithmetic, unary, properties, nested, etc.

– Function Calls

∗ Appropriate syntax of function calls

Walker/Semantic Analysis:

• Type Checking

– Assignments

– Return types

– Type coercion

– Operator type mismatches

• Functions

– Arguments

– Return type

– Default parameters

– Built in functions

• Precedence

– Arithmetic precedence
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• Scoping

– Declaring variables inside of a scope

– Accessing variables inside or outside of a scope

– Scope for conditionals and loops

– Nested scopes

• Special Cases

– Break/continue statement must be within a loop construct

– Properties and types

– Assigning values to read only properties (e.g. image height, width)

– Unrecognized identifiers

6.4 Responsibilities

Eli Hamburger - Wrote a Java program to automate and facilitate the testing process.
Eli Hamburger, Michele Merler, Jimmy Wei, Lin Yang - Brainstormed and came up with individual
test cases for each of the categories mentioned above.
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Chapter 7

Lessons Learned

7.1 Eli

Before working on this project I never understood how much of a decision making process writing a
programing language was. Nothing can be left in the air. Everything, except for a few implementa-
tion details, must be decided before completing the compiler. I learned that tools like ANTLR aid
in this process significantly as a deviation from certain rules will yield an immediate error. While
they may have been annoying while trying to get our Parser to work, they saved us a lot of trouble
in the end by ensure an accurate and distinct tree for our treewalker.

As mentioned in our presentation, we accomplished a lot more on this project when working together
as a group, as in working at the same place at the same time. We were able to test as we programmed
and each person was able to fix bugs very quickly in the areas they knew best. For a complex project
such as this, team programming is the best path.

7.2 Michele

Working on this project has thought me what team work means. Using the divide add conquer
approach of splitting the work has proved useful, but sometimes it was also important to take a
look at each other’s work (many silly bugs cannot be seen by the person writing the code, but
are easily recognizable for another one). I found the e-mail exchanges very useful, so that anyone
making any progress on a task or coming up with a new issue could lead the others to think about
it during the week before meeting. Good communication was fundamental.
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Working with others also pushes you to write universally understandable code, and not just some-
thing that works only for yourself. Furthermore, many times during this semester I found myself
learning from people as well as, if not even more than learning from books. I found this kind of
practical learning definitely funnier and not less effective!
I particularly appreciated the liberty we had to choose and design our own language. Even though
problems, bugs and limited time forced us to reduce the initially intended features of our language,
it was particularly rewarding to get it to work and do something original and personal.

One final comment on the timing: the time spent working on a project such as this one is di-
rectly proportional to the ambitions of your language, so start as early as possible!

7.3 Jimmy

During the development of the TMIL language and compiler, I learned that it is important to work
together as a team. Writing a compiler is a huge project and one person cannot be able to do all of
it. Having weekly meetings and working together allowed us to hit our objectives, work efficiently,
and deliver a quality product.

One of the biggest difficulties that I personally had was understanding the ANTLR syntax. Al-
though the PLT slides that Professor Edwards presented in class were very useful, the ins and outs
of ANTLR were still confusing to me. Ultimately, I had to do additional research online and I found
some useful websites such as:

http://tech.puredanger.com/2007/01/13/implementing-a-scripting-language-with-antlr-part-1-lexer/
http://tech.puredanger.com/2007/01/15/antlr-2/
http://tech.puredanger.com/2007/01/17/antlr-3/

However, to get a better understanding of what ANTLR allows and does not allow, one really has
to play around with it, especially with the nuances of the tree parser. Thus, future teams should
spent ample time understanding ANTLR.

Another lesson that I learned was to keep the grammar as simple as possible. Our team had to
modify some grammar rules because of how complex they were. I would remind other teams that
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this is a semester long project and prior to developing a language, keep deadlines in check. I cannot
stress this enough: Remember to start early!

With careful planning and hard work, I believe future teams will find compiler development inter-
esting and rewarding.

7.4 Lin

I think other members must have mentioned ”start early”. It’s always a good idea to start early on
a project. Professor Edwards mentioned this since the first class, which I considered as the most
valuable advice. Effective teamwork is also very important. We communicate smoothly through
email and phone so that everybody knows exactly what the whole team is up to. SVN is very
helpful when working on project in group. Last but not least, it’s great to have great teammates.
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Chapter 8

Appendix
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#ifndef TMIL_H
#define TMIL_H 

#include <gd.h>
#include <gdfontl.h>
#include <gdfontt.h>
#include <gdfonts.h>
#include <gdfontmb.h>
#include <gdfontg.h>
#include <string>
#include <stdlib.h>
#include <fstream>
#include <iostream>
#include <vector>
#include <math.h>
#include <sstream>

using namespace std;

#define create(im,x,y,z) im.create_image(x,y,z)
#define open(im,s) im.open_image(s)

int max(int a, int b){return (a>b) ? a : b;}
int min(int a, int b){return (a<b) ? a : b;}

// classes for the built in types

class color
{

public:
    int r;
    int g;
    int b;

    
    color(){ r=0; g=0; b=0; };
    color(int R, int G, int B) { r=R; g=G; b=B;};
    int get_r(){ return r;};
    int get_g(){ return g;};
    int get_b(){ return b;};
    void set_r(int a) { r = a; };
    void set_g(int a) { g = a; };
    void set_b(int a) { b = a; };

    ~color(){};

    color& operator=(color c){ r=c.get_r(); g=c.get_g(); b=c.get_b(); return *this; };
    color operator+(color c){ int R = min(get_r() + c.get_r(),255)  ; int G = min(get_g() + c.get
_g(),255) ; int B = min(get_b() + c.get_b(),255) ; return color(R,G,B); };
    color operator-(color c){ int R = max(get_r() - c.get_r(),0) ; int G = max(get_g() - c.get_g(
),0) ; int B = max(get_b() - c.get_b(),0) ; return color(R,G,B); };
    color operator*(color c){ int R = min(get_r() * c.get_r(),255) ; int G = min(get_g() * c.get_
g(),255) ; int B = min(get_b() * c.get_b(),255) ; return color(R,G,B); };
    color operator/(color c){ int R = get_r() / c.get_r() ; int G = get_g() / c.get_g() ; int B =
 get_b() / c.get_b() ; return color(R,G,B); };
    color operator%(color c){ int R = get_r() % c.get_r() ; int G = get_g() % c.get_g() ; int B =
 get_b() % c.get_b() ; return color(R,G,B); };
    color& operator++(){ r = min(r+1,255); g = min(g+1,255); b = min(b+1,255); return *this; };
    color& operator--(){ r = max(r-1,0); g = max(g-1,0); b = max(b-1,0); return *this; };
    color& operator+=(color c){ r= min(get_r() + c.get_r(),255); g= min(get_g() + c.get_g(),255);
 b= min(get_b() + c.get_b(),255); return *this; };
    color& operator-=(color c){ r= max(get_r() - c.get_r(),0); g= max(get_g() - c.get_g(),0); b= 
max(get_b() - c.get_b(),0); return *this; };
    bool operator==(color c){ return (get_r()==c.get_r() && get_g()==c.get_g() && get_b()==c.get_
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b()); };
    bool operator!=(color c){ return (get_r()!=c.get_r() || get_g()!=c.get_g() || get_b()!=c.get_
b()); };
        

};

class coordinate
{

public:

    int x;
    int y;

    coordinate(){ x=0; y=0; };
    coordinate(int X,int Y){ x=X; y=Y;};
    int get_x(){ return x;};
    int get_y(){ return y;};
    void set_x(int a) { x = a; };
    void set_y(int a) { y = a; };

    ~coordinate(){};

    coordinate& operator=(coordinate c){ x=c.get_x(); y=c.get_y(); return *this; };
    coordinate operator+(coordinate c){ int x1 = get_x() + c.get_x() ; int y1 = get_y() + c.get_y
() ; return coordinate(x1,y1); };
    coordinate operator-(coordinate c){ int x1 = get_x() - c.get_x() ; int y1= get_y() - c.get_y(
) ; return coordinate(x1,y1); };
    coordinate operator*(coordinate c){ int x1 = get_x() * c.get_x() ; int y1 = get_y() * c.get_y
() ; return coordinate(x1,y1); };
    coordinate operator/(coordinate c){ int x1 = get_x() / c.get_x() ; int y1 = get_y() / c.get_y
() ; return coordinate(x1,y1); };
    coordinate operator%(coordinate c){ int x1 = get_x() % c.get_x() ; int y1 = get_y() % c.get_y
() ; return coordinate(x1,y1); };
    coordinate& operator++(){ x++; y++;  return *this; };
    coordinate& operator--(){ x--; y--;  return *this; };
    coordinate& operator+=(coordinate c){ x= get_x() + c.get_x(); y= get_y() + c.get_y(); return 
*this; };
    coordinate& operator-=(coordinate c){ x= get_x() - c.get_x(); y= get_y() - c.get_y(); return 
*this; };
    bool operator==(coordinate c){ return (get_x()==c.get_x() && get_y()==c.get_y()); };
    bool operator!=(coordinate c){ return (get_x()!=c.get_x() || get_y()!=c.get_y()); };

};

class word 
{ 

public:
    string name; 
    string font; 
    color colour; 
    coordinate position; 
    int rotation; 
    int size;
    

    word() { rotation = 0; size=1; };
    ~word() {};

    string get_name() { return name; };
    string get_font() { return font; };
    color get_color() { return colour; };
    coordinate get_position() { return position; };
    int get_rotation() { return rotation; };
    int get_size() { return size; };
    
    void set_name(string n) { name =n; };
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    void set_font(string f) { font = f; };
    void set_color(color c) { colour = c; };
    void set_position(coordinate c) { position = c; };
    void set_rotation(int i) { rotation = i; };
    void set_size(int i) { size = i; }; 

    word& operator=(word w){ name = w.get_name() ; font = w.get_font(); colour = w.get_color(); p
osition = w.get_position(); rotation = w.get_rotation(); size = w.get_size(); return *this; };

};

class image
{

private:
    gdImagePtr imgPtr;

public:

    int h;
    int w;

    
    image() {h=0; w=0; imgPtr=NULL; };
    ~image(){ h=0; w=0; imgPtr=NULL;};  //gdImageDestroy(imgPtr);

    gdImagePtr get_imgPtr(){ return imgPtr; };
    int get_w(){ return w;};
    int get_h(){ return h;};

    void set_imgPtr(gdImagePtr p) { imgPtr = p; };
    void set_w(int a) { w = a; };
    void set_h(int a) { h = a; };

    bool create_image(int, int, color);
    bool open_image(string);

    image& operator=(image);
    
};

// additional functions fro class image

image& image::operator=(image im){ 
    
    if(imgPtr!=NULL) {
        gdImageDestroy(imgPtr);
    }
    
    imgPtr = gdImageCreateTrueColor(im.get_w(),im.get_h());
    
    gdImageCopy(imgPtr, im.get_imgPtr(),0,0,0,0, im.get_w(),im.get_h() );  
    h = im.get_h(); 
    w = im.get_w(); 

    return *this; 

};

bool image::create_image(int y, int x, color c)
{ 
    
    h = y;
    w = x;
    imgPtr = gdImageCreate(x, y); 
    gdImageColorAllocate(imgPtr, c.get_r(), c.get_g(), c.get_b() ); 
    return 1;
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}

bool image::open_image(string s){

    FILE * fin;

    fin = fopen(s.c_str(),"rb");

    if(s.at(s.length() - 2) == 'n'){
        
        imgPtr = gdImageCreateFromPng(fin);

        h = imgPtr->sy;
        w = imgPtr->sx;

    }
    else {

        imgPtr = gdImageCreateFromJpeg(fin);

        h = imgPtr->sy;
        w = imgPtr->sx;
        

    }

    fclose(fin);

    return 1;

}

// utility functions to save an image, draw lines and text on an image

void save(image im, string s)
{

    FILE* fout;

    fout = fopen(s.c_str(),"wb");

    if(s.at(s.length() - 2) == 'n'){
        
        gdImagePng(im.get_imgPtr(), fout);

    }
    else {

        gdImageJpeg(im.get_imgPtr(), fout,100);

    }

    fclose(fout);

}

void drawline(image im, coordinate p1, coordinate p2, color col, int width){

    int c = gdImageColorAllocate(im.get_imgPtr(), col.get_r(), col.get_g(), col.get_b());

    gdImageSetThickness(im.get_imgPtr(), width);

    gdImageLine(im.get_imgPtr(), p1.get_x(), p1.get_y(), p2.get_x(), p2.get_y(), c);
    

}
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void stamp(image im, word t)
{
    
    gdFTUseFontConfig(1);
    
    int brect[8];
    
    int len = t.get_font().length();

    char* font = new char[len];
    font[len] = '\0';

    len = t.get_name().length();
    char* name = new char[len];
    name[len] = '\0';
    
    
    t.get_font().copy(font, t.get_font().length());
    t.get_name().copy(name, t.get_name().length());

    int fg = gdImageColorResolve(im.get_imgPtr(), t.get_color().get_r(), t.get_color().get_g(), t
.get_color().get_b() );

    gdImageStringFT( im.get_imgPtr(), &brect[0], fg, font , t.get_size(), ( (double)t.get_rotatio
n() * (2*3.141592653 /360) ) , t.get_position().get_x() , t.get_position().get_y() , name);

}

  
// utility for int, float and string conversions

float string2float(string s){ 

    float f = atof(s.c_str());

    return f;
    
}

int string2int(string s){ 

    int i = atoi(s.c_str());

    return i;
    
}

string int2string(int i){ 

    string s;
    stringstream out;
    out << i;
    s = out.str();

    return s;
    
}

string float2string(float f, int minN, int maxN){ 

    string s ;

    int pos, len, k;

    stringstream out;
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    out << f;
    s = out.str();

    pos = s.find('.');

    len = s.length() - pos - 1;

    if(minN>maxN){
        maxN = minN;
    }

    if(len<minN){
        for(k= len; k<minN ; k++)
            s.append("0");
    }
    if(len>maxN){
        s.erase(pos + maxN + 1,(maxN-len));
    }

    return s;
    
}

char char_at(string s, int pos){

    return s[pos]; 

}

#endif //TMIL_H
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